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57) ABSTRACT 
Apparatus and methods are disclosed for writing data 
on a track in an optical disk data storage device wherein 
the track is divided into two parts and binary one bits 
are written into one part of the data track while binary 
zero bits are written into the second part of the data 
track. Detection of data written in this manner is per 
formed using two read coherent radiation beams each 
positioned over one of the parts of the data track. A 
binary one is detected if the signal from the beam over 
the first part of the data track is greater than the signal 
from the beam over the second part of the data track, 
and a binary zero is indicated if the signal from the beam 
over the second part of the data track is greater than the 
signal of the beam over the first part of the data track. 
In order to detect the data from the two read beams, 
they must be aligned accurately over the two halves of 
the data track. To aid this alignment, a third larger beam 
is used to measure the total energy from the data track. 
If the beams are not aligned correctly over the track, 
the signal output from the large beam will exceed the 
sum of the signal outputs from the two smaller read 
beams indicating the offtrack condition and further 
indicating the direction of the offtrack condition. 

6 Claims, 3 Drawing Sheets 
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DIFFERENTIAL TRACK RECORDING 

BACKGROUND OF THE INVENTION 
This is a division of application Ser. No. 694,875, filed 

Jan. 25, 1985, now U.S. Pat. No. 4,706,235. 
The present invention relates to optical data storage 

devices as used in the computer industry and video 
recording industry, and in particular to an apparatus 
and method for recording a serial bit train of binary data 
on a recording medium of such recording device. 
The optical disk used to record information in an 

optical disk data storage device is in the form of a circu 
lar disk plate having a thin layer into which a plurality 
of reflectivity changes are formed on and along a plural 
ity of circular tracks arranged concentrically or on and 
along a spiral track. Data in a computer system consists 
of a series of characters, for example, alphabetic charac 
ters, numbers, or special symbols, wherein each charac 
ter is formed using seven or eight binary bits. To store 
these characters on the optical disk media, each of the 
seven or eight bits is written serially along the track, 
since each track is one bit wide. The process of storing. 
data on a track of the optical storage media consists of 
arranging reflectivity or transmissivity changes along 
such track to represent binary ones and binary zeros. In 
its unrecorded state, a reflective disk medium is either 
highly reflective or non-reflective. One way to repre 
sent binary ones and zeros on such a surface is to allow 
the unchanged, that is, unrecorded, surface of the disk 
medium to represent a binary zero, and by means of a 
coherent radiation beam, such as a helium-neon laser, 
alter the reflectivity of the surface at a particular spot to 
represent a binary one. For example, if the unrecorded 
surface has a high reflectivity, in order to record a 
binary one bit the coherent radiation beam would be 
used to create an area of low reflectivity in every loca 
tion where such a one bit is to be recorded. In its unre 
corded state, a transmissive disk recording medium is 
either clear or opaque. For example, if the unrecorded 
clear state represents a binary zero, then a coherent 
radiation beam would be used to alter the medium from 
clear to opaque to represent a binary one. 

In order to retrieve data recorded on the surface, a 
second coherent radiation beam, having insufficient 
power to alter the surface of the recording track, is 
directed toward the medium and a photo detector is 
used to detect radiation received from the medium. As 
the beam passes a given area, if radiation is received 
from the medium, indicating a reflective area on a re 
flective medium or a clear area on a transmissive me 
dium, then a binary zero is recorded on the medium at 
that point, whereas if no radiation is received from the 
medium at such a point, a binary one is recorded 
thereon. This type of recording could also be reversed, 
such that a reflective or clear area represents a binary 
one, and a non-reflective or opaque area represents a 
binary zero. 
One disadvantage to using this type of recording 

method is that the radiation beam must be turned on and 
off rapidly to record a series of ones and zeros at a high 
density. Because of write laser diode device limitations, 
these rapid on-off changes cause size variations in the 
reflectivity areas. Another disadvantage to this record 
ing method is that a defect in the recording media will 
be detected as either a one or a zero and not as a defect. 
Another disadvantage to this system is that the reflected 
energy varies whenever a long series of binary ones or 
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2 
a long series of binary zeros is present. This variation is 
reflected energy complicates the tracking and focusing 
systems which must align the read beam along the track 
and focus the beam at the plane of the thin layer. 
There is need in the art then for a method of record 

ing data on an optical disk storage medium that does not 
require the coherent radiation beam that records the 
data on such medium to turn on and off. There is also a 
need in the art for a recording system that will simplify 
the focus and tracking requirements of the coherent 
radiation beam by providing a constant reflected energy 
level. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
apparatus and method of recording information on an 
optical disk storage medium that does not require the 
recording radiation beam to pulse on and off. 

It is a further object of the present invention to pro 
vide a recording system which will allow the reflected 
energy from a read radiation beam to be substantially 
constant over the width of the recording track. 
The preceding and other objects of the present inven 

tion are realized through the use of a differential track 
recording method wherein binary ones are recorded as 
reflectivity or transmissivity changes on a first part of a 
data track on the recording medium and binary zeros 
are recorded as changes on a second part of the data 
track. In this manner the write coherent radiation beam 
as it is recording data on the track does not need to be 
pulsed on and off, but instead moves from a first part of 
the data track to a second part to change from binary 
ones to binary zeros and moves from the second part 
back to the first part when changing from binary zero to 
binary one. 
The present invention also includes a method of dif 

ferentially recording binary data on such a medium 
wherein a recording means in positioned over a data 
track and activated in one part of the data track to 
record a binary one and activated in a second part of 
such recording track to record a binary zero. This 
method would therefore record all binary one bits in the 
first part of the data track and all binary zero bits in the 
second part of the data track. 
The present invention further includes apparatus for 

detecting differentially recorded binary data on a data 
track of an optical disk storage medium. The apparatus 
includes two read radiation beams mounted adjacent to 
each other and beam alignment means to cause these 
two radiation beams to impinge on respective first and 
second parts of the data track. The apparatus also in 
cludes two conversion means for converting radiation 
energy received from the first and second read radiation 
beams into first and second control signal values, and 
means for comparing these two control signal values 
with further means for outputting a binary one signal if 
the first control signal value is greater than the second 
control signal value and means for outputting a binary 
zero signal if the first control signal value is less than the 
second control signal value. The apparatus further in 
cludes a third read beam aligned along the longitudinal 
axis of the data track at a fixed distance from the first 
and second beams, and a beam adjustment means for 
moving all three beams in response to the alignment 
signal output of a comparing means which compares the 
energy from the third beam to the sum of the energy 
from the first and second beams. 
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The present invention also includes a method of de 
tecting differentially recorded binary data which con 
sists of shining first and second read beams on respec 
tive first and second parts of the data track, detecting 
light received from these two beams and converting it 
into first and second control signal values, comparing 
the first and second control signal values to output a 
binary one signal when the first control signal value is 
greater than the second control signal value and output 
ting a binary zero signal when the second control signal 
value is greater than the first control signal value. 
The present invention further includes a disk data 

storage medium which includes a light sensitive rotat 
ing optical disk wherein data recording tracks are de 
fined on a surface of this disk including data recorded in 
a differential format wherein binary zero data is re 
corded as optically sensible marks on a first part of the 
data recording track and binary one data is recorded as 
optically sensible marks on a second part of the data 
track. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an optical disk data 
storage device showing the major functions of the de 
vice; 
FIG. 2A shows a prior art data recording system for 

recording data on a data track of an optical disk data 
storage device; 
FIG. 2B shows differentially recorded data on a data 

track of a optical disk data storage device in accordance 
with the present invention; 
FIG. 3 is a schematic diagram of the present inven 

tion showing differentially recorded data and a detec 
tion circuit for detecting such data, 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following is a description of the best presently 
contemplated mode of carrying out the present inven 
tion. This description is given only to illustrate the 
general principles of the invention and is not to be taken 
in a limiting sense. The true scope of the invention can 
be ascertained by reading the appended claims. 
FIG. 1 is a block diagram of the principle elements of 

an optical disk data storage system 10 which may be 
utilized in accordance with the present invention. A 
platter 12 is mounted and centered on a spindle mecha 
nism 14. A suitable spin motor 16 rotates the spindle 14 
and the platter 12 at the desired rotational speed. Signals 
received from or sent to a computer (not shown) pass 
through a control electronics section 18. The control 
electronics section 18, as its name implies, provides the 
control necessary for communication with the com 
puter, including the interpretation of all commands 
received from the computer. The control electronics 18 
also provides the necessary signals for controlling all of 
the hardware operations associated with the optical 
drive system 10. 
A read/write channel 20 receives data signals from 

the central electronics 18 and drives a beam deflector 21 
to modulate a beam from a laser 19 by deflecting the 
beam in one direction for a binary one in another direc 
tion for a binary zero. By way of example, a Bragg 
Angle Modulator could be used as the beam deflector 
21. The resulting modulated laser beam is directed 
through a laser optics section 22 to the surface of the 
platter 12. Servo control for the spin motor 16 and the 
moving elements associated with the laser optics 22 is 
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4. 
provided by a servo system 24. The servo system 24 
actually includes several servo systems, including track 
seek and follow servo systems, optical focusing servos, 
spin motor servos, and the like. A power and power 
control assembly 26 provides the AC/DC power re 
quired for the operation of the optical drive system 10. 
Primary power is secured from a suitable alternating 
current power source. 
FIG. 2A shows the conventional data recording sys 

tem of prior art optical data storage devices. Informa 
tion consisting of binary ones and binary zeros is re 
corded as a series of optically sensible marks in a data 
track 30. Although not shown, these marks can be of 
varying length. The unrecorded area 36 shows the 
media as it exists prior to data being recorded within the 
data track. The unrecorded reflective media data track 
can consist of reflective or non-reflective material. A 
transmissive media data track can consist of clear or 
opaque material. A binary one pattern 32 is recorded on 
a data track by changing the underlying optical charac 
teristics of the data track 30, for example, by changing 
a reflective area to a non-reflective area or by changing 
a clear area to an opaque area. A binary zero pattern 34 
is recorded by not altering the data track 30. A new 
binary one pattern 40 is written by changing the optical 
characteristics of the data track 30 as it passes under the 
write coherent radiation beam 38, moving in the direc 
tion of arrow 42, while such radiation beam is turned 
Ol. 

FIG. 2B illustrates data written differentially in ac 
cordance with the present invention. Data is recorded 
in a data track 50 divided into two parts 54 and 56. A 
binary one 60 is recorded by an optical change in part 
56 of the data track 50, whereas, a binary zero 62 is 
recorded by an optical change in part 54 of the data 
track 50. Data is recorded on the data track 50 by a 
write coherent radiation beam 58 having sufficient 
power to alter optical characteristics of the data track 
50 as the data track 50 passes underneath the write 
coherent radiation beam 58 moving in the direction of 
arrow 64. A binary zero is written by shifting the write 
coherent radiation beam 58 so that it shines on part 54 of 
the data track 50, and a binary zero is written shifting 
the write coherent radiation beam 58 so that it shines on 
part 56 of the data track 50. 

FIG. 3 is a schematic diagram of the read circuit of 
the present invention. A data track 50 contains binary 
data written in a differential track format, wherein bi 
nary ones are written in a first part 56 of the data track 
50 and binary zeros are written in a second part 54 of 
the data track 50. A read coherent radiation beam 70 is 
aligned over part 56 of the data track 50 to detect the 
presence of binary one data, and a second read coherent 
radiation beam 72 is aligned over the second part 54 of 
the data track 50 to detect binary zero data. Light re 
ceived from the read radiation beam 70 is converted to 
an electrical signal 71 and input into a first input 103 of 
a comparator 74. Light received from the read radiation 
beam 72 is converted to an electrical signal 73 and input 
to a second input 104 of the comparator circuit 74. The 
comparator circuit 74 produces two outputs, the output 
75 if the first input 103 is of greater value than the sec 
ond input 104, and the output 77 if the first input 103 is 
of a lesser value than the second input 104. The electri 
cal signals from read beams 70 and 72 are summed by 
the summing circuits 76 and input to the first input 106 
of comparator circuit 82. 
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A third read coherent radiation beam 78 is aligned 
over track 50 at a fixed distance from the read beam 70 
and the read beam 72. The read beam 78 is sufficiently 
large to span the entire track 50 and to overlap the 
edges of the track 50 by a small margin. Light received 
from the read beam 78 is converted into an electrical 
signal and fed to the delay circuit 80. The delay circuit 
80 delays the signal output from the read beam 78 an 
amount of time sufficient to compensate for the distance 
between the read beam 78 and the read beams 72 and 70. 
That is, as the data track 50 rotates in the direction of 
arrow 64 at a fixed rotation speed, a given point on the 
data track 50 will pass underneath the read beam 78 a 
fixed time prior to that same point passing underneath 
the read beams 70 and 72. The delay circuit 80 delays 
the signal output of the read beam 78 that same fixed 
amount of time. The signal output of the delay circuit 80 
is fed to the second input 108 of comparator circuit 82 
after passing through an attenuator circuit 79 to equal 
ize the signal level. The comparator circuit 82 produces 
a signal output 81 if the first input 106 and the second 
input 108 to comparator circuits 82 are equal, and pro 
duces a signal output 83 if the first and second inputs to 
the comparator circuit are not equal. Since the first 
input 106 to comparator circuit 82 is the sum of the 
signals 71 and 73, the comparator circuit 82 output 81 
will be active if the read beams 72, 70, and 78 are 
aligned along the center of the track 50. If the read 
beams 70, 72, and 78 are misaligned, that is, the center 
line of the three read spots is aligned off the center line 
of data track 50, the signal output of either the read spot 
70 or the read spot 72 will be lower in value since one 
of these two spots must be off the outside edge of track 
50. The read spot 78 however, since it is larger than the 
entire data track 50, will still have the same signal out 
put even though it is aligned off the center of the track. 
Therefore, the sum of signals 71 and 73 will be lower 
than the signal from the read beam 78 and comparator 
output 83, indicating that the first input 106 and the 
second input 108 are not equal, will be active. 

If the three read beams are aligned along or close to 
the center of track 50 the signal 81 is active, the outputs 
of the AND gate circuits 84 and 86 will indicate the 
detection of data along the track 50. If the read beams 
70 and 72 are positioned over a portion of the data track 
50 which contains a binary one, the light received from 
the first part 56 of data track 50 will be higher than the 
light received from the second part 54 of data track 50 
since a binary one is recorded at this particular location. 
The higher signal output 71 will cause the signal 75 
output of comparator circuit 74 to be active and this 
signal combined with the signal 81 will cause the AND 
gate 84 to output a signal 94 indicating the presence of 
a binary one bit. If the read spots 72 and 70 are posi 
tioned over a portion of the data track 50 wherein a 
binary zero is recorded the signal 73 will be greater than 
the signal 71 causing the output 77 of the comparator 
circuit 74 to be active and this signal along with signal 
81 will cause the AND gate 86 to activate signal 96 
indicating the presence of a binary zero. 

If the read spots 70, 72, and 78 are not aligned over 
the center of data track 50, the signal 83 output of com 
parator circuit 82 will be active. If the misalignment is 
in the direction of arrow 102, the read beam 72 will be 
aligned off one side of the data track 50, whereas the 
read beam 70 will be aligned near the center of the data 
track 50. In this situation, the signal 71 will be greater 
than the signal 73 causing the signal 75 to be active from 
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6 
the comparator circuit 74. This signal 75, combined 
with the signal 83 by the AND gate 88, will cause the 
signal 98 to be output and fed to the alignment servo 92. 
Upon detection of the spinal 98, the alignment servo 92, 
will move all three read beams in a direction opposite 
that of arrow 102 to bring the three read beams into 
alignment over the center of data track 50. If the three 
beams are misaligned in a direction opposite that of 
arrow 102, the signal 73 will be greater than signal 71 
causing the output 77 of the comparator circuit 74 to be 
active. This output 77, combined with the output 83, by 
AND gate 90, will cause the signal 100 to be active. 
This signal 100 is fed to the alignment servo 92 to cause 
the alignment servo 92 to move the three beams 70, 72, 
and 78 in the direction of arrow 102 to bring them into 
alignment over the center of track 50. Those skilled in 
the electronic art could realize the circuit of FIG. 3 
using commercially available components. 
While the invention herein disclosed has been de 

scribed by means of a specific embodiment and applica 
tion thereof, numerous modifications and variations 
could be made thereto by those skilled in the art with 
out departing from the spirit and scope of the present 
invention. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 
What is claimed is: 
1. In an optical disk data storage device, a system for 

differentially recording binary data comprising: 
a rotating disk storage medium having at least one 

data track formed thereon, said data track being 
divided longitudinally to form first and second 
substantially contiguous parts thereof; 

recording means, including a single, continuously 
activated write coherent radiation beam for mark 
ing said at least one data track in said first and 
second parts to indicate a presence of the binary 
data; 

means for selectively deflecting said single, continu 
ously-activated write coherent radiation beam be 
tween said first and second parts, thereby record 
ing the binary data in the form of binary zero bits 
and binary one bits in a redundant, complementary 
fashion in said first and second parts; 

wherein said binary zero bits are recorded as opti 
cally sensible marks on a selected one of said first 
and second parts, and said binary one bits are re 
corded as optically sensible marks on the other of 
said first and second parts. 

2. The system as defined in claim i, wherein said first 
and second parts each comprise substantially one-half of 
said at least one data track. 

3. In an optical disk data storage device including a 
rotating storage medium with at least one data track, a 
method of differentially recording binary data on said 
medium comprising the steps of: 

(a) positioning a recording means, including a single 
write coherent radiation beam at a location for 
recording said binary data; 

(b) selectively deflecting said single write coherent 
radiation beam at said data recording location be 
tween first and second parts of the at least one data 
track, said first and second parts being longitudi 
nally formed substantially contiguous to one an 
other in the at least one data track; 

(c) continually activating said recording means while 
selectively deflecting said single write coherent 
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radiation beam to record the binary data redun 
dantly, and in a complementary fashion as binary 
zero bits and binary one bits in said first and second 
parts; 

whereby said binary one bits are recorded exclusively 
in a selected one of said first and second parts and 
said binary zero bitds are recorded exclusively in 
the other of said first and second parts. 

4. In an optical disk data storage device, a system for 
differentially recording binary data comprising: 

a rotating disk storage medium having at least one 
data track formed thereon, said data track being 
divided longitudinally to form first and second 
substantially contiguous parts thereof; 

a single, continuously-activated write coherent radia 
tion beam for marking said at least one data track in 
said first and second parts to record the binary 
data; 

means for selectively deflecting said single, continu 
ously-activated write coherent radiation beam be 
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8 
tween said first and second parts, thereby record 
ing the binary data as binary zero bits and binary 
one bits in a redundant, complementary fashion in 
said first and second parts; 

wherein said binary zero bits are recorded as opti 
cally sensible marks on a selected one of said first 
and second parts, and said binary one bits are re 
corded as optically sensible marks on the other of 
said first and second parts. 

5. The system as defined in claim 4, wherein said 
medium comprises a reflective medium, and said opti 
cally sensible marks in said first and second parts each 
comprise a change in the reflectivity of said reflective 
medium. 

6. The system as defined in claim 4, wherein said 
medium comprises a transmissive medium, and said 
optically sensible marks in said first and second parts 
each comprise a change in the transmissivity of said 
transmissive medium. 
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